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10 ODOR ABSORBING EXTRUDATES 

BACKGROUND OF THE INVENTION 

This invention concerns odor absorbing extrudates like fibers and films and 
1 5 methods of making them. 

Methods of minimizing the effect of odorous compounds include, for example, 
covering up the odor by releasing an even stronger odor. Air freshener sprays and candles 
are examples of this method. Another way to combat odorous compounds, including 
ammonia, methyl mercaptan, trimethylamine, and other sulfides and amines is to remove 
20 these compounds through the use of deodorizing agents that will absorb them. Activated 
charcoal and sodium bicarbonate are two compounds commonly used to absorb odors. 
Activated charcoal, however, typically has a low deodorizing ability, especially for ammonia 
odors and when in the presence of moisture, and the black color of charcoal lacks 
aesthetically pleasing characteristics generally desired by consumers. Sodium 
25 bicarbonate, and other white colored odor absorbents such as silica gel and zeolites 
generally have a lower absorbency than activated charcoal and so are less effective. 

In addition to removing foul smelling compounds, there is a need for products 
capable of removing gases that, while not necessarily odorous, still cause a negative effect. 
One example of such a gaseous compound is ethylene, which is released by fruit as it 
30 ripens. Removal of the ethylene gas would slow and potentially control the ripening 
process, allowing for extended storage and transportation. 

There is thus a need for a gas and/or odor removal/neutralizing extrudate. 
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SUMMARY OF THE INVENTION 



In response to the difficulties and problems encountered in the prior art, a new 
extrudate has been developed which has modified high surface area particles that absorb 
odors and gasses. The extrudates have high surface area materials and at least one metal 
10 ion adsorbed onto the high surface area material. The extrudates may be breathable films, 
multilayer laminates and pultruded articles. 

The extrudates may be made into storage and packaging material to reduce odor 
and retard the ripening of fruit. The extrudates, if in the form of a breathable film or 
multilayer laminate may be used as outer cover material for personal care products like 
15 diapers, adult incontinence products, training pants and the like. 

The extrudates of the invention are made using fillers that have been treated with 
modified high surface area particles. The high surface area particles have been modified 
by the addition of metal ions which absorb odors and gasses. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a cross-sectional view of a film. 



Figure 2 is a cross-sectional view of a multilayer film. 



Figure 3 is a cross-sectional view of a nonwoven fabric. 



Figure 4 is a cross-sectional view of a nonwoven fabric laminate. 
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Figure 5 shows a schematic diagram of a process for making a film. 



Figure 6 is a drawing of a diaper. 



Figure 7 is a drawing of an adult incontinence product. 
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DETAILED DESCRIPTION 



The invention concerns extrudates which have odor absorbing, high surface area 
materials, such as nanoparticles, modified with at least one metal ion. The modified high 
surface area materials of this invention are useful in removing gaseous compounds and /or 

10 odorous compounds. While the invention will be described hereinafter with particular 
reference to nanoparticles, it will be understood that the invention is useful with various 
nanoparticles. "Gaseous compound" or "gas" includes any molecule or compound that 
can exist as a gas or vapor. "Odorous compound" or "odor" refers to any molecule or 
compound detectable to the olfactory system. 

1 5 Extrudates include films and any other form which may result from material being 

pushed, usually by pressure, through a die. Extrudates may be flexible or rigid depending 
upon the thickness and the materials from which they are made. The term "extrudates" is 
also intended to encompass materials made through processes known as "pultrusion" 
wherein a base material (e.g. glass fiber roving) and a resin is pulled through a die, usually 

20 with heating, rather than being pushed through a die. 

The term "film" for the purpose of this invention means a breathable film such as, for 
example, microporous films having a WVTR of at least 300 g/m 2 /day, and more desirably 
having a WVTR in excess about 500 g/m 2 /day, 800 g/m 2 /day, 1 500 g/m 2 /day or even 
exceeding 3000 g/m 2 /day. 

25 The water vapor transmission rate (WVTR) test used herein was ASTM Standard 

E96-80. Circular samples measuring three inches (7.6 cm) in diameter were cut from each 
of the test materials and a control which was a piece of CELGARD™ 2500 microporous 
polypropylene film from Hoechst Celanese Corporation of Somerville, NJ, USA. One 
hundred milliliters of water were poured into a test dish and individual samples of the test 

30 materials and control material were placed across the open tops of the individual dishes. The 
test dish was a number 60-1 Vapometer dish distributed by Thwing-Albert Instrument 



5 Company of Philadelphia, PA, USA. Screw-on flanges were tightened to form a seal along 
the edges of the dish, leaving the associated test material or control material exposed to the 
ambient atmosphere over a 6.5 centimeter diameter circle having an exposed area of 
approximately 33.17 square centimeters. The dishes were placed in a forced air oven at 37 
°C for 1 hour to equilibrate. The oven was a constant temperature oven with external air 

10 circulating through it to prevent water vapor accumulation inside. A suitable forced air oven 
is, for example, a Blue-M Power-O-Matic 60 oven distributed by Blue M. Electric Company of 
Blue Island, Illinois, USA. Upon completion of the equilibration, the dishes were removed 
from the oven, weighed an immediately returned to the oven. After 24 hours, the dishes were 
removed from the oven and weighed again. The preliminary test water vapor transmission 

15 rate values were calculated with Equation (I) below: 

(I) Test WVTR = (grams weight loss over 24 hours) x 31 5.5 g/m 2 /24 hours 
The relative humidity within the oven was not specifically controlled. 

Under the predetermined set conditions of 37 °C and ambient relative humidity, the 
WVTR for the CELGARD™ 2500 control material was found to be 5000 grams per square 
20 meter for 24 hours. Accordingly, the control sample was run with each test and the 
preliminary test values were corrected to set conditions using Equation (II) below: 

(II) WVTR = (Test WVTR/control WVTR) x (5000 g/m 2 /24 hours) 

The extrudate of the present invention may be a breathable barrier film or laminate 
25 comprising, in reference to Figure 1, a film 10 which may be a multilayer film. 

The breathable film is desirably a stretched-filled film which includes a 
thermoplastic polymer and filler. The components can be mixed together, heated and then 
extruded into a monolayer or multilayer film. The film is usually then stretched in at least 
one direction to reduce the film gauge or thickness and to create a network of micropores 
30 of a size and frequency needed to achieve the desired level of breathability. 
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5 The filled film may be made by any one of a variety of film forming processes known 

in the art such as, for example, by using either cast or blown film equipment In the case of 
a multilayer film as shown in Figure 2, the layers 20, 30, 40 are desirably simultaneously 
made such as, for example, forming by co-extrusion as disclosed in US patents 4,522,203, 
4,494,629 and 4,734,324. Examples of breathable barrier films suitable for use with the 
10 present invention are described in US patents 5,695,868, 6,309,736, 6,075,179, and 

6,111,163. Such films, prior to stretching, desirably have a basis weight of less than about 
100 g/m 2 and even more desirably less than about 60 g/m 2 . Upon stretching, multilayer 
films desirably have a basis weight of less than 60 g/m 2 and even more desirably between 
about 15 and 35 g/m 2 . 

15 Stretching may be performed by a machine direction orienter, a commercially 

available device from the Marshall and Williams Company of Providence, R.I., USA. A 
machine direction orienter has a plurality of preheat and stretching rollers which stretch 
and thin an unstretched multilayer film in the machine direction. The film can be stretched 
in either a single or multiple stretching operations and may be stretched in multiple 

20 directions. After stretching the film may be allowed to slightly retract and/or be further 
heated or annealed by one or more heated rollers. 

Thermoplastic polymers used in the fabrication of extrudates of the present 
invention include polyolefins including homopolymers, copolymers, terpolymers and 
blends thereof. Flexible polyolefins, ethylene elastomers or "polyolefin based" films are 

25 also believed suitable for use in the present invention. A polymer is considered to be 

"polyolef in-based" if the polymeric portion of the film, exclusive of any filler materials, has 
at least 50 weight percent polyolefin. 

Ethylene elastomers comprise polymers wherein the ethylene monomers are 
polymerized with an alpha-olefin such that the resulting polymer composition has a narrow 

30 molecular weight distribution (Mw /Mn) of about 2, homogeneous branching and controlled 



5 



5 long chain branching . Suitable alpha-olefins include 1-octene, 1-butene, 1-hexene and 
4-methyI-pentene. Exemplary polymers include those made by "metallocene", 
"constrained geometry" or "single-site" catalysts such as those described in US patent 
5,472,775 to Obijeski et al.; US patent 5,451 ,450 to Erderly et al.; US patent 5,204,429 to 
Kaminsky et al.; US patent 5,539,124 to Etherton et al.; and US patent 5,554,775 to 
10 Krishnamurti et al. The metallocene process generally uses a metallocene catalyst which 
is activated, i.e. ionized, by a co-catalyst. Suitable low density ethylene elastomers are 
commercially available from Dow Chemical Company of Midland, Ml, USA under the 
tradename AFFINITY® and from Exxon Chemical Co. of Houston, TX, USA, under the 
trade name EXACT®. 

15 Additional commercially available polyolefin polymer components include Catalloy 

polymers which are olefinic multistep reactor products wherein an amorphous ethylene 
propylene random copolymer is molecularly dispersed in a predominantly semi crystalline 
high propylene monomer/low ethylene monomer continuous matrix, an example of which is 
described in US patent 5,300,365 to Ogale. Catalloy polymers are available from Montell 

20 Polyolefins, a division of Basell USA, Wilmington, DE, USA. 

Additional film forming polymers which may be suitable for use with the present 
invention, alone or in combination with other polymers, include ethylene vinyl acetate 
(EVA), ethylene ethyl acrylate (EEA), ethylene acrylic acid (EAA), ethylene methyl acrylate 
(EMA), ethylene normal butyl acrylate (EnBA), polyester, polyethylene terephthalate (PET), 

25 nylon, ethylene vinyl alcohol(EVOH), polystyrene (PS), polyurethane (PU), polybutylene 
(PB), and polybutylene terephthalate (PBT). Polyolefin polymers, however, are preferred 
and these include polymers of ethylene and propylene as well as copolymers, terpolymers 
and blends thereof. Examples of such polyolefin polymers include linear low density 
polyethylene (LLDPE) and ethylene-propylene copolymer blends. 
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5 A film may also optionally include one or more stabilizers such as, for example, a 

hindered phenol stabilizer. Commercially available anti-oxidants include IRGANOX® E 17 
(alpha-tocopherol) and IRGANOX® 1076 (octodecyl 

3,5-di-tert-butyl-4-hydroxyhy-drocinnamate) which are available from Ciba Specialty 
Chemicals of Tarrytown, N.Y. USA. About 100 to1000 ppm of the stabilizer may be added 

10 to the base polymer(s) prior to extrusion. (Parts per million is in reference to the entire 
weight of the filled film.) Other stabilizers or additives which are compatible with the film 
forming process, stretching and any subsequent lamination steps may also be employed 
with the present invention. Additional additives may be added to impart desired 
characteristics to the film such as, for example, melt stabilizers, processing stabilizers, 

15 heat stabilizers, light stabilizers, heat aging stabilizers and other additives known to those 
skilled in the art. Examples include DOVER-PHOS® melt stabilizer available from Dover 
Chemical Corp. of Dover, Ohio, USA, and CHIMASSORB® 944 and 119 hindered amine 
stabilizers and IRGAFOS® 168 phosphite stabilizer available from Ciba Specialty 
Chemicals. 

20 A film may further include various extenders, waxes and other additives as is 

known to those skilled in the art. 

In addition to the thermoplastic polymers, the extrudates of this invention include a 
filler which is used to incorporate modified nanoparticles into the extrudate. Breathable 
stretched-filled films also include a filler to impart breathability to the film upon stretching. 

25 As used herein, "filler" is meant to include particulates and/or other forms of 

materials which can be added to the polymer extrusion blend which will not chemically 
interfere with or adversely affect the extrudate and further which can be dispersed 
throughout the extrudate. The fillers will generally be in particulate form with average 
particle sizes in the range of about 0.1 to about 10 microns, desirably from about 0.1 to 

30 about 4 microns. As used herein the term "particle size" describes the largest dimension 
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5 or length of the filler. Both organic and inorganic fillers are contemplated for use with the 
present invention provided they do not interfere with the extrusion process and/or 
subsequent laminating processes. 

Examples of fillers include calcium carbonate (CaC0 3 ), various clays, silica (Si0 2 ), 
alumina, barium sulfate, talc, magnesium sulfate, titanium dioxide, zeolites, aluminum 

10 sulfate, cellulose-type powders, diatomaceous earth, gypsum, magnesium sulfate, 
magnesium carbonate, barium carbonate, kaolin, mica, carbon, magnesium oxide, 
aluminum hydroxide, pulp powder, wood powder, cellulose derivatives, polymeric particles, 
chitin and chitin derivatives. 

The filler particles may optionally be coated with a fatty acid, such as stearic acid 

15 or behenic acid, and/or other material in order to facilitate the free flow of the particles (in 
bulk) and their ease of dispersion into the polymer. A filled film, for example, will usually 
contain at least about 35% filler based upon the total weight of the base film layer, more 
desirably from about 45% to about 65% by weight filler. 

Figure 2 shows a multilayer film 14 having a base layer 20 and two outer layers 30, 

20 40. This film 14, prior to stretching, desirably has a basis weight of less than about 100 
grams per square meter (gsm) and even more desirably less than about 60 gsm. Upon 
stretching the multilayer film 14 desirably has a basis weight of less than 60 gsm and even 
more desirably between about 1 5 and 35 gsm. Typically such lower basis weight films have 
a thickness of about 1 5 microns to about 30 microns. The base film 20 desirably comprises 

25 from about 50% to about 98% of the multilayer film thickness and the outer layers 30, 40 
desirably comprise from about 2% up to about 50%, more desirably from about 5% up to 
about 20%, of the total thickness of the multilayer film. 

In another aspect the present invention may be a laminate of breathable films and 
nonwoven fabrics provided the film contains odor absorbing, nanoparticles. A nonwoven 

30 fabric comprises, in reference to Figure 3, fibers 50. The nonwoven fabric may be a 
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5 multilayer nonwoven laminate as shown in Figure 4 having layers 60, 70 made from fabrics 
produced by different processes. Multilayer laminates generally may have a number of 
nonwoven layers in many different configurations and may include other materials like films. 

The nonwoven fabric may be made according to processes like spunbonding, 
meltblowing, airlaying, bonding and carding, and so forth. Nonwoven fabrics may be made 

10 from thermoplastic resins including any of those mentioned above for film production. 

The term "fibers" means small diameter fibers having an average diameter not 
greater than about 75 microns, for example, having an average diameter of from about 0.5 
microns to about 50 microns, or more particularly, fibers may have an average diameter of 
from about 2 microns to about 40 microns. 

1 5 A nonwoven fabric is a structure of individual fibers or threads which are interlaid, but 

not in an identifiable manner as in a knitted fabric. Nonwoven fabrics or webs have been 
formed from many processes such as for example, meltblowing processes, spunbonding 
processes, airlaying and bonded carded web processes as described in more detail below. 
The basis weight of nonwoven fabrics is usually expressed in ounces of material per square 

20 yard (osy) or grams per square meter (gsm) and the fiber diameters useful are usually 
expressed in microns. (Note that to convert from osy to gsm, multiply osy by 33.91 ). 

"Spunbonded fibers" are small diameter fibers which are formed by extruding molten 
thermoplastic material as filaments from a plurality of fine, usually circular capillaries of a 
spinneret with the diameter of the extruded filaments then being rapidly reduced as by, for 

25 example, in US patent 4,340,563 to Appel etal., and US patent 3,692,618 to Dorschner et al. f 
US patent 3,802,817 to Matsuki et al., US patents 3,338,992 and 3,341 ,394 to Kinney, US 
patent 3,502,763 to Hartman, and US patent 3,542,615 to Dobo et al. Spunbond fibers are 
generally not tacky when they are deposited onto a collecting surface. Spunbond fibers are 
generally continuous and have average diameters (from a sample of at least 10) larger than 

30 7 microns, more particularly, between about 10 and 20 microns. 
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5 "Meltblown fibers" means fibers formed by extruding a molten thermoplastic material 

through a plurality of fine, usually circular, die capillaries as molten threads or filaments into 
converging high velocity, usually hot, gas (e.g. air) streams which attenuate the filaments of 
molten thermoplastic material to reduce their diameter, which may be to microfiber diameter. 
Thereafter, the meltblown fibers are carried by the high velocity gas stream and are 
10 deposited on a collecting surface to form a web of randomly dispersed meltblown fibers. 
Such a process is disclosed, for example, in US patent 3,849,241 to Butin et al. Meltblown 
fibers are microfibers which may be continuous or discontinuous, are generally smaller than 
10 microns in average diameter, and are generally tacky when deposited onto a collecting 
surface. 

15 A bonded carded web is made from staple fibers which are sent through a combing 

or carding unit, which breaks apart and aligns the staple fibers in the machine direction to 
form a generally machine direction-oriented fibrous nonwoven web. Once the web is 
formed, it then is bonded by one or more of several methods such as powder bonding, 
pattern bonding, through air bonding and ultrasonic bonding. 

20 In the airlaying process, bundles of small fibers having typical lengths ranging from 

about 3 to about 52 millimeters (mm) are separated and entrained in an air supply and then 
deposited onto a forming screen, usually with the assistance of a vacuum supply. The 
randomly deposited fibers then are bonded to one another. Examples of airlaid teachings 
include the DanWeb process as described in US patent 4,640,810 to Laursen et al. and 

25 assigned to Scan Web of North America Inc, the Kroyer process as described in US patent 
4,494,278 to Kroyer et al. and US patent 5,527,171 to Soerensen assigned to Niro 
Separation a/s, the method of US patent 4,375,448 to Appel et al assigned to 
Kimberly-Clark Corporation, or other similar methods. 

In still another aspect of the invention, filler having the modified nanoparticles may 
30 be used in the pultrision process. Pultrusion is a manufacturing process for producing 
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5 continuous lengths of structural shapes. Raw materials include a liquid resin mixture 
(containing resin, fillers and specialized additives) and reinforcing fibers. The process 
involves pulling these raw materials (rather than pushing as is the case in extrusion) 
through a heated steel forming die using a continuous pulling device. Pultruded shapes 
may be used for odor and gas control in the form of countertops, railings, tubes, rods and 
10 other structural materials and the like in pulp and paper mills, chemical plants, oil refineries, 
hotels and motels, ships, planes and submarines and so forth. 

The nanoparticles used in the practice of this invention act as carriers for at least 
one metal ion present on the surface of the nanoparticle, and the metal ion creates an 
active site that binds with at least one gaseous compound and/or odorous compound 

15 thereby removing the compound from the surrounding environment. Nanoparticles can 
also absorb certain gaseous compounds and/or odorous compounds from the surrounding 
environment by adsorption directly onto the surface area of the nanoparticles. Silica 
nanoparticles modified by copper ions or alternatively, by silver ions, for example, were 
demonstrated to be effective in removing amine and sulfur based classes of odorous 

20 compounds. 

Gas and/or odor removing particles of this invention are modified nanoparticles. 
Nanoparticles useful in this invention have a large surface area due to the small size of the 
individual particles of the high surface area material. Nanoparticles useful in this invention 
have a suitable surface area of at least about 50 square meters/gram, suitably at least 

25 about 100 square meters/gram, and more suitably at least about 200 square meters/gram, 
and still more suitably at least about 500 square meters/gram or more. 

"Nanoparticle" refers to a high surface material having a particle diameter of less 
than about 500 nanometers. Nanoparticles useful in this invention include silica, alumina, 
magnesium oxide, titanium dioxide, iron oxide, gold, zinc oxide, copper oxide, organic 

30 nanoparticles such as polystyrene, and combinations thereof. Nanoparticles are not 
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5 generally ionic yet still have an overall electric Zeta Potential. "Zeta Potential" refers to the 
electrical potential, or electrokinetic potential, that exists across the interface of all solids 
and liquids. Naturally occurring chemical reactions on the surface of a nanoparticle result 
in the Zeta Potential of that nanoparticle and nanoparticles may have either positive or 
negative Zeta Potentials. Silica nanoparticles, for example, are tetrahedral complexes of 

10 silicon dioxide molecules. On the surface of the silica particles the silicon dioxide 

molecules can undergo chemical reactions forming silanol groups (SiOH) which react with 
other silanol groups to form siloxane bonds (Si-O-Si bonds). The dehydration reactions of 
the silanol groups to form the silanol bond and the reverse reactions result in a negative 
Zeta Potential and allow positively charged metal ions to adsorb onto the silica. 

15 The nanoparticles useful in this invention will typically have a first Zeta Potential 

and a second Zeta Potential after adsorption of the metal ion onto the nanoparticle due to 
the addition of the oppositely-charged metal ions. The Zeta Potential change of the 
nanoparticle is related to the quantity of metal ions adsorbed onto the nanoparticle. This 
relationship provides a measurement for determining the amount of adsorbed metal ions 

20 and a method for controlling the amount of adsorption. For instance, the addition of a 
dilute solution of copper chloride drop-wise to a silica nanoparticle solution until the Zeta 
Potential of the silica suspension changed from -25 millivolts to a higher Zeta Potential, 
such as in the range of about -5 millivolts to -15 millivolts, was found to provide a sufficient 
concentration of metal ions adsorbed onto the nanoparticles to remove particular odorous 

25 compounds. The nanoparticle may have a difference between the first and second Zeta 
Potential of at least about 1 .0 millivolt and suitably at least about 5.0 millivolts. 

The nanoparticles are modified with metal ions that bond with compounds such as 
gases and odorous compounds. "Metal ion" refers to salt ions and/or ion complexes of 
transition metal elements designated as IB through VIIIB on the periodic table. Other ions 

30 can be used in the invention as well. Metal ions are adsorbed onto nanoparticles due to 



12 



5 differences in electric potential. Positively charged metal ions are adsorbed onto a 
negatively charged surface of a nanoparticle and vice versa. Examples of metal ions 
useful in this invention include, without limitation, copper ion (Cu +2 ), silver ion (Ag +1 ), gold 
ion (Au +1 and Au +3 ), iron (II) ion (Fe +2 ), iron (III) ion (Fe +3 ), permanganate ion (Mn0 4 ~ 1 ), and 
combinations thereof. These ions may be introduced through the aqueous addition of 
10 compounds like ferric chloride, copper chloride, silver nitrate, zinc chloride, magnesium 
oxide and so forth. 

The nanoparticle may have a negative Zeta Potential and adsorb positively 
charged metal ions. One suitable nanoparticle has a negative Zeta Potential of about -1 to 
-50 millivolts and suitably about -1 to -20 millivolts and is a silica nanoparticle. Silica 

15 nanoparticles useful in this invention are available from Nissan Chemical Industries, Ltd., 
of Houston, TX, USA, under the tradename SNOWTEX® and have a particle size range 
of 1-100 nanometers. The silica nanoparticle can be modified with a positively charged 
metal ion such as copper ions, silver ions, gold ions, iron ions, and combinations thereof. 
Yet another useful nanoparticle has a positive Zeta Potential and adsorbs 

20 negatively charged metal ion complexes. One suitable nanoparticle has a positive first 
Zeta Potential of about 1 to 70 millivolts and suitably about 10 to 40 millivolts and may be 
an alumina nanoparticle. Alumina nanoparticles are available from Nissan Chemical 
Industries, Ltd., under the tradename ALUMINASOL®, and have a size range of about 
1-300 nanometers. The alumina nanoparticle can adsorb negatively charged metal ions 

25 and metal ion complexes such as permanganate ions. 

It is also possible to bond metal and silica particles to form a "coordinate" and/or 
"covalent bond." This may have a variety of benefits, such as reducing the likelihood that 
any of the metal will remain free during use (e.g., after washing). Strong adherence of the 
metal to the silica particles, further, also optimizes odor adsorption effectiveness. 

30 Numerous techniques may be utilized to form a stronger bond between the transition metal 
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5 and silica particles. Silica sols, for example, are generally considered stable at a pH of 
greater than about 7, and particularly between a pH of 9-10. When dissolved in water, 
salts of transition metals are acidic (e.g., copper chloride has a pH of approximately 4.8). 
Thus, when such an acidic transition metal salt is mixed with a basic silica sol, the pH is 
lowered and the metal salt precipitates on the surface of the silica particles. This 

10 compromises the stability of the silica particles. Further, at lower pH values, the number 
of silanol groups present on the surface of the silica particles is reduced. Because the 
transition metal binds to these silanol groups, the capacity of the particles for the transition 
metal is lowered at lower pH values. In order to ameliorate the pH-lowering affect caused 
by the addition of an acidic transition metal salt (e.g., copper chloride), certain 

1 5 embodiments of the present invention employ selective control over the pH of the silica 
particles during mixing with the transition metal. The selective control over pH may be 
accomplished using any of a variety of well-known buffering systems known in the art. 

The use of pH control in the modification of silica nanoparticles was demonstrated 
using a 10 weight percent suspension of SNOWTEX-OXS® nanoparticles having an 

20 unmodified particle size of 4 to 6 nm. The pH of the solution was adjusted to 8.7 and then 
added to a solution of copper chloride with high mixing shear (about 1 0,000 rpm). The pH, 
Zeta potential and particle size were monitored and when a positive Zeta potential was 
obtained the addition of copper chloride was stopped. The resulting copper modified 
nanoparticle had a particle size of about 43 nm and a surface area of about 500 square 

25 meters per gram. 

Other techniques may also be utilized to further enhance the strength of the bonds 
formed between the transition metal and the silica particles. Coupling agents in an 
effective amount may be used to link the transition metal to the silica particle, for example. 
Such coupling agents may be employed with or without the pH adjustment discussed 

30 above. In some cases, an organofunctional silane coupling agent may be used to link the 
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5 transition metal to the silica particles. Some examples of suitable organofunctional silane 
coupling agents that may be used include, but are not limited to, vinyltrichlorosilane, 
vinyltrimethoxysilane, vinyltriethoxysilane, vinylmethyldichlorosilane, 
vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, 5-hexenyltrimethoxysilane, 
3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane, 
10 3-glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropylmethyldiethoxysilane, 
3-(meth)acryloxypropyltrimethoxysilane, 3-(meth)acryloxypropyltriethoxysilane, 
3-(meth)acryloxypropylmethyldimethoxysilane, 

3-(meth)acryloxypropylmethyldiethoxysilane, 4-vinylphenyltrimethoxysilane, 
3-(4-vinylphenyl)propyltrimethoxysilane, 4-vinylphenylmethyltrimethoxysilane, 

1 5 3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysilane, 

3-aminopropylmethyldimethoxysilane, 3-aminopropylmethyldiethoxysilane, 
3-(2-aminoethyl)aminopropyltrimethoxysilane, 3-mercaptopropyltrimethoxysilane, 
3-mercaptopropyltriethoxysilane, 3-mercaptopropylmethyldimethoxysilane, 
3-mercaptopropylmethyldiethoxysilane, and partial hydrolyzates thereof. Of these 

20 coupling agents, organofunctional alkoxysilanes, and particularly aminofunctional 
alkoxysilanes (e.g., 3-aminopropyltriethyoxysilane), are preferred. 

Generally speaking, the silane coupling agents may be covalently linked to the 
silica particles through the silanol groups (Si-OH) present on the surface thereof. 
Specifically, the silicon atom of the silane coupling agent may form a covalent bond with 

25 the oxygen of the silanol group. Once the silane coupling agent is covalently linked to the 
silica particles, the organofunctional group may form a coordinate bond with the transition 
metal. Copper, for example, may form a coordinate bond with different amino groups 
present on aminopropyltriethoxysilane coupling agents. 

The addition of a metal ion adsorbed onto the surface of a nanoparticle provides an 

30 active site for capturing and neutralizing gases and odorous compounds. In addition, 

15 



5 modified nanoparticles still have a large surface area that is useful in absorbing other 
odorous compounds. The metal ion active sites of the modified nanoparticles are 
particularly useful in removing odorous compound such as mercaptans, ammonia, amines, 
and mono- and di-sulfides. Other odorous compounds such as aliphatic ketones, 
carboxylic acids, aliphatic aldehydes, and aliphatic terpenoids can be removed by 

10 adsorption onto the large surface area of the modified nanoparticles. Modified 

nanoparticles are useful in removing odors caused by sulfides, disulfides, trisulfides, thiols, 
mercaptans, ammonia, amines, isovaleric acid, acetic acid, propionic acid, hexanal, 
heptanal, 2-butanone, 2-pentanone, 4-heptanone, and combinations thereof. Modified 
nanoparticles can also remove gases such as ethylene gas, carvone, dienals, and 

15 terpenoids. 

More than one type of metal ion can be coated on a nanoparticle. This has an 
advantage in that certain metal ions may be more effective at removing specific gases 
and/or odorous compounds than other metal ions. More than one type of metal ion may be 
adsorbed onto a nanoparticle for more effectively removing more than one type of gaseous 

20 compound or odorous compound from a medium or for removing at least one gaseous 
compound and at least one odorous compound from a medium. The use of two or more 
different modified nanoparticles in combination can remove numerous odorous 
compounds. Modified silica nanoparticles, for example, are useful for removing sulphur 
and amine odors and modified magnesium oxide nanoparticles are useful in removing 

25 carboxylic acid odors. Combining modified nanoparticles allows for removal of a broader 
range of odors. 

The odor removing ability of materials made according to the invention may be 
measured using a test for thiol odor removal using the GC headspace procedure with ethyl 
mercaptan (1 ul) as the odorant. This test uses a gas chromatography column, for 
30 example, a model DB-624:30 m, 0.25 mm ID, 1.4 micron film, catalog number 122-1334, 
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5 serial number 8847844, from J&W Scientific, Inc. of Folsom, CA, USA. The GC unit was 
Agilent Technologies 5890 GC with 7694 headspace analyzer with flame ionization 
detector. The headspace parameters were: oven temperature 37 °C, loop temperature 85 
°C, transfer line temperature 90 °C, GC cycle time 10 min., vial equalization time 10 min., 
pressurization time 0.2 min, loop fill time 0.2 min, injection time 0.3 min. The gas 

10 chromatographic parameters were: oven temperature 35 °C for five min., inlet temperature 
105 °C, detector temperature 225 °C, and run time 5 minutes. Samples were weighted and 
place into the headspace vials without touching the bottom of the vial. The ethyl 
mercaptan was placed into the bottom of the vial using a microliter syringe. The vial was 
immediately crimped to seal in the gases. The amounts of odor for 20 - 200 percent odor 

15 removal by the sample were adjusted by dilution with hexane. The samples were prepared 
1 0 - 60 minutes before running. Standard samples using the same amount of odor were 
run without a sample in the vial. Percent removal of odor was calculated by subtracting the 
area of the odor remaining from the total odor area and dividing by the total odor area. Gas 
chromatographic analysis indicated that the thiol binding capability of the basesheet was 

20 not diminished significantly by the addition of the polymeric binder. 

Modified nanoparticles are made by mixing nanoparticles with solutions containing 
metal ions. Such solutions are generally made by dissolving metallic compounds into a 
solvent resulting in free metal ions in the solution. The metal ions are drawn to and 
adsorbed onto the nanoparticles due to the electric potential differences. The Zeta 

25 Potential of a nanoparticle changes after the adsorption of metal ions and so the Zeta 
Potential can be used to monitor the adsorption of metal ions onto the nanoparticle. 

Further discussion of the modification of nanoparticles may be found in US patent 
application 10/137052, filed on April 30, 2002, which is incorporated by reference. 

The extrudates containing the odor absorbing, nanoparticles of this invention may 

30 be made in a number of ways. The modified nanoparticles may, for example, be added to 
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5 the fillers used in extrudate production prior to or immediately after the coating of the fillers 
with a fatty acid. 

It has been found that most fillers are not hydrophobic prior to the addition of fatty 
acid, but that fillers are hydrophobic after treatment with fatty acid. Prior to fatty acid 
treatment, therefore, an aqueous mixture of nanoparticles and metal ions, mixed with filler, 

10 can be used to add the nanoparticles to the filler. The aqueous mixture may be made by 
adding sufficient metal ion to produce a solution having between 0.05 and 25 weight 
percent metal ion, more desirably between about 0.25 and 10 weight percent and more 
desirably about 1 weight percent metal ion. Nanoparticles in an amount sufficient to 
produce a solution of between 0.5 and 40 weight percent, more desirably between about 

15 5 and 30 weight percent and more desirably between about 15 and 25 weight percent are 
then added to this solution. Lastly, the filler is added in an amount sufficient to produce a 
mixture that may be stirred. The modification of the nanoparticles and their addition to the 
filler surface takes place very rapidly upon mixing. After the modified nanoparticle addition 
the filler may be treated with fatty acid in the conventional way and further processed for 

20 use. 

If, instead of adding the modified nanoparticles to the filler particles before fatty 
acid treatment, it is desired to do so after the addition of fatty acid to the filler, the addition 
of nanoparticles to the filler becomes more difficult. In this case the hydrophobicity of the 
filler particle surface must be overcome. It is believed, though the inventors do not wish to 

25 be bound by this belief, that ultrasonic energy introduced to an aqueous solution causes 
a change in the temperature and pressure of the solution in the immediate area of the horn. 
This change in temperature and pressure is believed to allow the aqueous solution to wet 
a usually hydrophobic surface and to cause suspended or dissolved materials to be 
deposited onto the surface. An aqueous mixture of nanoparticles, metal ions and fatty 

30 acid-treated filler in the amounts given above, for example, may be placed near the 
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5 submerged horn of an ultrasonic machine. Upon the addition of ultrasonic energy, the 
hydrophobicity of the fatty acid treated filler is overcome and nanoparticles containing 
metal ions are deposited onto the surface of the filler particles. The finished filler may be 
dried and processed for use in extrudate production. 

Manufactures of suitable ultrasonic equipment include Branson Ultrasonic 
10 Corporation, Applied Technology Group, Danbury, CT, USA, UE Systems Inc. of Elmsford, 
NY, USA, Mecasonic SA of Chatou, France, and Dukane Corporation, St. Charles, IL, 
USA. 

Commercial extrudate production generally uses pre-prepared pellets of polymer to 
which have been added filler in a high amount, for example around 75 weight percent The 

1 5 proper amount of filler/polymer pellets are added to pure polymer pellets to yield an extrudate 
with the desired amount of filler. Commercial breathable films, for example, generally have 
about 60 weight percent filler. Once the nanoparticle treated filler has been compounded into 
a polymer pellet it may be used in any conventional extrusion technology as currently done 
with the filler/polymer pellets. 

20 Figure 5 shows a schematic diagram of a process for making a film. The polymers 

from which the film will be made are mixed together with each other and placed in the hopper 
80. The polymer is metered from the hopper 80 into the receiving end 82 of the extruder 84. 
The polymer is moved through the extruder 84 by twin screws (not shown) that cause 
intimate mixing, heating and pressurization of the polymer. In this Figure 5, filler is added at 

25 zone 4 86 of the extruder 84, though it may be added at other points consistent with the 
desires of the operator. The polymer and filler mixture continues to be heated, mixed and 
pressurized as it continues through the extruder 84 to the die 88 where it is discharged from 
the extruder 84. The extruded film 98 is collected on a chill roll 90 that cools the still warm 
extrudate. The film 98 then is passed around stretching rolls 92, 94 and collected on yet 



19 



5 another roll 96. The film may alternatively be collected on a storage roll without stretching 
and stretched at a later time. 

Breathable films and laminates thereof having odor absorbing, nanoparticles are 
suitable for use in many commercial articles like, for example, personal care products, 
trash and storage bags, curtains, wallpaper, sheets and towels, and in medical 

10 applications like face masks and drapes. Personal care product means diapers, training 
pants, absorbent underpants, adult incontinence products, and feminine hygiene products. 

Personal care products generally include an outer cover that is typically formed of a 
thin thermoplastic film, nonwoven fabric or multilayer laminate that is substantially 
impermeable to liquid. The outer cover functions to prevent body exudates contained in an 

15 absorbent structure from wetting or soiling the wearer's clothing, bedding, or other 

materials contacting the diaper. The outer cover may be, for example, a polyethylene film 
having an initial thickness of from about 0.5 mil (0.012 millimeter) to about 5.0 mil (0.12 
millimeter). The polymer film outer cover may be embossed and/or matte finished, 
providing a more aesthetically pleasing appearance. Other alternative constructions for 

20 outer cover include woven or nonwoven webs that have been constructed or treated to 
impart the desired level of liquid impermeability, or laminates formed of a woven or 
nonwoven fabric and thermoplastic film. The outer cover is desirably breathable yet 
substantially impermeable to liquid. Figure 6 is a drawing of a diaper 100 showing the 
outer cover 1 05. Figure 7 is a drawing of an adult incontinence article 1 1 0 showing the 

25 outer cover 1 15 which may be a breathable film according to the invention. 

In another aspect of this invention, the extrudate having the modified high surface 
area particles is used to absorb gases that plants produce to ripen fruit. Ethylene gas is 
produced by plants as a hormone to aid fruit ripening. Removing ethylene gas as it is 
produced can slow and control the fruit ripening process. Permanganate ion modified 

30 alumina nanoparticles are useful in removing ethylene gas and such nanoparticles may be 
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5 added to breathable films, nonwoven fabrics or multilayer laminates using the methods 
described above. The fabric can then be used in packaging and storing fruit to inhibit 
ripening by removing ethylene gas. 

The following examples aid in the understanding of the invention. 
Example 1 

10 A solution of 1 weight percent copper chloride (CuCI 2 ) was made by adding 3 gm 

of copper chloride to 300 ml distilled, deionized water, stirring until dissolution without heat 
addition. An amount of 162 gm of this solution was mixed with 375 gm of 20 % 
SNOWTEX-AK® nanoparticles from Nissan Chemical Industries. This solution was 
diluted with 3 liters of distilled, deionized water. 1500 gm of calcium carbonate without 

15 stearic acid (from Omya Inc., Alpharetta, GA, USA, a subsidiary of Omya AG of Germany) 
was added to the solution and the slurry thoroughly mixed and then dried. The resulting 
dried case was crushed and coated with stearic acid according to know procedures. A 
breathable film was made using this treated filler. The film had a copper concentration of 
0.054 weight percent. 

20 The film was made using a co-rotating 27 mm twin screw extruder made by Leistriz 

Ag of Nurenburg, Germany with a throughput of 4 pounds (1 .8 kg) per hour and a 6 inch 
(1 5.2 mm) film die. The temperature of the extruder was maintained at 200 °C, the die at 
200 °C and the melt at 221 °C. The screw rotated at 270 rpm, the pressure at the 6 inch 
film die was 800 psi (5516kPa), the chill roll rotated at a rate of 14.5 linear feet (442 cm) per 

25 minute and the winder rotated at a speed of 15 linear feet (457 cm) per minute. The 

polyethylene polymer was added to the hopper and the calcium carbonate was added to 
zone 4 of the extruder at the same weight rate and this 1 :1 ratio was maintained throughout 
the test. The film was subsequently stretched by a factor of 4 at 70 °C at a rate of 1 0 inches 
(25.4 cm) per minute or 300 percent per minute, using a Blue-M Power-O-Matic 60 oven 
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5 having movable grips that hold onto and stretch the film. Upon stretching the film 
developed micropores initiated by the calcium carbonate particles. 
Example 2 

A solution of 1 weight percent copper chloride (CuCI 2 ) was made by adding 3 gm of copper 
chloride to 300 ml distilled, deionized water, stirring until dissolution without heat addition. 

10 An amount of 107.5 gm of this solution was mixed with 50 gm of 20 weight percent 
SNOWTEX-AK® nanoparticles from Nissan Chemical Industries. This solution was 
diluted with 1 liter of distilled, deionized water. 500 gm of calcium carbonate conventionally 
treated with stearic acid and available from Omya Inc. was added to the solution. An 
ultrasonic horn was immersed in the solution within one half inch (1 .25 cm) from the bottom 

15 of the container and short (0.5- 3 seconds) bursts of sonic energy were applied. This was 
done for approximately 50 repetitions, with the container moved slightly each time so that 
all parts of the solution would be exposed to the sonic energy. The ultrasonic horn was a 
2000 watt Branson 900lw bonder with a 0.5 by 6 inch (1 .26 by 15.25 cm) horn and 1 :1 .5 
booster, available from Branson Ultrasonic Corporation, Applied Technology Group, 

20 Danbury, CT, USA. 

Uniform wetting out of the stearic acid coated calcium carbonate was achieved as 
noted by the uniformity of color and opacity of the solid and liquid combination. 

The solution was poured into a shallow pan and dried at 70-100 °C for about 48 
hours. The dried material often formed a solid cake that could be crumbled apart and 

25 further ground to a fine powder. After grinding, this material was placed in a powder feed 
hopper and metered into an extruder along with polyethylene and a film produced as in 
Example 1. 



30 
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5 Control 

A control film, not an example of the invention, was a polyethylene film filled with 60 
weight percent stearic acid coated calcium carbonate. 

The odor removing capability of the films was measured by the GC headspace 
procedure given above, with ethyl mercaptan (EtSH) (2.4 ul) as the odorant. The WVTR 
10 in g/m 2 /day of the films was also measured. The results are shown in Table 1 . 
Table 1 . WVTR mq EtSH/g CuCI? 

Control 3936 0 

Example 1 774 3698 

Example 2 339 1662 

15 

As can be seen from the results in Table 1, the control film, though having a very high WVTR, 
removed no odor. The films of the invention had a lower WVTR due to a lower calcium 
carbonate content but had a significant amount of odor absorbed. It should be noted that the 
WVTR of the Examples is still considered quite high. 

20 

As will be appreciated by those skilled in the art, changes and variations to the invention 
are considered to be within the ability of those skilled in the art. Examples of such changes are 
contained in the patents identified above, each of which is incorporated herein by reference in 
its entirety to the extent it is consistent with this specification. Such changes and variations are 
25 intended by the inventors to be within the scope of the invention. 
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